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Summary
Background 26
During an environmental investigation of Pseudomonas aeruginosa in ICUs, the liquid hand 27 soap was found highly contaminated (up to 8x10 5 cfu/g) with this pathogen. It had been used 28 over the previous 5 months and was probably contaminated during manufacturing. 29
Aim 30
To evaluate the burden of this contamination on patients by conducting an epidemiological 31 investigation using molecular typing combined with whole genome sequencing (WGS). 32
Methods 33
P. aeruginosa isolates from clinical specimens were analysed by double locus sequence 34 typing (DLST) and compared to isolates recovered from the soap. Medical charts of patients 35 infected with a genotype identical to those found in the soap were reviewed. WGS was 36 performed on soap and patient isolates sharing the same genotype. 37
Findings 38
P. aeruginosa isolates (N=776) were available in 358/382 patients (93.7%). Only 3 patients 39 (0.8%) were infected with a genotype found in the soap. Epidemiological investigations 40
showed that the first patient was not exposed to the soap, the second could have been 41 exposed, and the third was indeed exposed. WGS showed a high number of core SNPs 42 differences between patients and soap isolates. 
org). 97
Whole Genome sequencing. Genomic DNA libraries were prepared using the Illumina 98 Nextera XT DNA sample kit (Illumina, San Diego, USA). Subsequently, isolates were 99 sequenced using an Illumina MiSeq platform generating paired-end reads with lengths of 150 100 bases. The isolates' sequence type (ST) was assigned from the short reads data using the 101 SRST software 
Results
114
Hand soap contamination. In total, 83 soap containers of 17 different batches were analyzed 115 (Table I) divided into a subclade composed of soap isolates 1 and 2. A high number of core SNPs 160 differences was observed between patient 1, 2 and 3, and soap isolate 1 (219, 211, 259; 161 respectively), as well as soap isolate 2 (219, 215, 267; respectively). Therefore, no close 162 relation could be assumed between the contaminated soap isolates and the three patients 163 deemed possibly contaminated. 164
Discussion
165
We report the added value of combining classical molecular typing with WGS to investigate 166 the impact of highly contaminated hand soap with P. aeruginosa on patients of a tertiary care 167 hospital. A large molecular investigation was first performed by a classical sequence-based 168 typing method (DLST) followed by a deeper analysis with WGS on a few selected isolates. 169
The workflow of DLST was optimized using 96-well plates and the analysis of data was 170 simplified as unambiguous definitions of types were obtained. A large number of isolates 171 could thus be analyzed in a relatively short period of time (2-3 days for 96 isolates). From this 172 first molecular investigation, the hypothesis of a possible transmission from the contaminated 173 soap was reduced to only 3 patients, targeting the use of WGS on a small number of selected 174
isolates. 175
The phylogeny of the core SNPs alignment of 10 DLST 13-31 P. aeruginosa isolates 176 contributed to a definitive conclusion. The three patients suspected to be contaminated by thesoap clustered in different clades from the one harboring the soap isolates. Additionally, a 178 high number of SNPs differences was observed between patients and soap isolates. Therefore, 179 it was possible to exclude a nosocomial acquisition of P. aeruginosa linked to the 180 contamination of the soap. Interestingly, isolates from patients 1 and 2 were closely related, 181 suggesting a possible transmission of the strain from one patient to the other through other 182 sources, such as environment or staff members. 183
Several nosocomial outbreaks have been attributed to contaminated liquid soaps [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . All 184 reported outbreaks occurred in settings where hand hygiene was promoted by washing hands 185 with soap. In hospitals where hand hygiene is performed with an alcoholic solution, the 186 burden of such soap contamination might be lesser important. This is probably the main 187 reason why we did not find any impact of the contaminated soap on patients. 188
The fact that unopened soap containers were found contaminated with P. aeruginosa proved 189 that the contamination occurred during product manufacturing. According to the Swiss 190 regulation 18 , no bacteriological quality is required for cosmetics, unless it is used on babies or 191 around the eyes, which is not the case for hand soap. Despite the fact that the contaminated 192 soap had no impact on patients, such additional reservoir of Pseudomonas should not be 193 tolerated in hospitals where high risk patients are present. 194
In the European Community, the microbial quality of cosmetics is regulated since July 2013 195 19, 20 . Among microbiological criteria, the absence of P. aeruginosa must be demonstrated. 196
These new regulations should lead to safer cosmetic products, in particular those used in 197 hospitals. 198
In conclusion, the use of a high throughput molecular typing method (DLST) allowed us to 199 investigate a large number of isolates and select only those that were possibly linked to the 200 contaminated soap. The use of WGS on these few selected isolates allowed us to conclude 201 that the highly contaminated soap had no impact on the patients. This was probably due to the 
